Hepatic stellate cells are liver-resident cells of star-like morphology and are located in the space of Disse between liver sinusoidal endothelial cells and hepatocytes 1,2 . Stellate cells are derived from bone marrow precursors and store up to 80% of the total body vitamin A 1, 2 . Upon activation, stellate cells differentiate into myofibroblasts to produce extracellular matrix, thus contributing to liver fibrosis 3 . Based on their ability to contract, myofibroblastic stellate cells can regulate the vascular tone associated with portal hypertension 4 . Recently, we demonstrated that hepatic stellate cells are potent antigen presenting cells and can activate NKT cells as well as conventional T lymphocytes 5 .
1. Filter the cell suspension through 70μm cell strainers into 6 50ml Falcon tubes and add up to 50ml with SC2 buffer. Centrifuge for 10min at 600g and 4°C. 2. Carefully aspirate 40ml of the supernatant, then add 150μl DNase I solution to each tube and resuspend the cells. 3. Pool the cell suspensions into 4 50ml Falcon tubes and wash with GBSS-B, centrifuge for 10min at 600g and 4°C. 4 . Carefully aspirate as much of the supernatant as possible without disturbing the pellet and add 150μl DNase I solution to each tube.
Resuspend the cell pellets in 10ml GBSS-B per tube. 5. Pool the cells into 2 50ml Falcon tubes and add GBSS-B to a total volume of 36ml per tube. Add 14ml Nycodenz solution to each tube and mix well. 6. Transfer 10ml of the cell suspension into one 12ml gradient centrifugation tube, resulting in 10 tubes in total. Gently overlay the cell suspension with 1.5ml GBSS-B per tube. 7. Centrifuge the gradients for 15min at 1500g and 4°C without brake. Subsequently, hepatocytes will be pelleted at the bottom of the tube whereas stellate cells are found in the interphase as a white ring. 8. Carefully harvest the interphase containing the stellate cells and wash them with GBSS-B; centrifuge for 10min at 600g and 4°C. Liver stellate cells differentiate into myofibroblasts. Hepatic stellate cells isolated from C57BL/6 mice were cultured for 7 days. Subsequently, they were transferred to chamber slides and stained for aSMA (shown in red) and myosin IIA (depicted in green). The cell nuclei were counterstained with Hoechst (blue). 
Discussion
Hepatic stellate cells regulate essential physiological and pathophysiological processes in the liver. Moreover, stellate cells possess antigen presenting properties, rendering them an important component of the hepatic immune response. Although hepatic stellate cells comprise 10-15% of the total cell number in the liver, isolation of these cells is challenging due to their localization in the perisinusoidal space of Disse.
Here we present a straightforward method to isolate hepatic stellate cells from mouse livers by in situ digestion and subsequent gradient centrifugation. This protocol permits the isolation of highly pure stellate cells suitable for immunologic assays.
The entity of the isolated cells can be controlled considering three major characteristics of hepatic stellate cells, including star-like shape, perinuclear vitamin A-storing lipid vesicles, and expression of GFAP. According to these criteria, stellate cells obtained using the described protocol are routinely~99% pure as assessed by immunofluorescent staining and flow cytometry. Potential contaminants of stellate cell isolations are Kupffer cells and liver dendritic cells (DCs). Therefore, we analyzed stellate cell cultures by flow cytometry staining for the surface molecules F4/80 (Kupffer cells) and CD11c (DCs). Accordingly, absence of F4/80+ and CD11c+ cells excluded contamination of stellate cell preparations by Kupffer cells or DCs. Thus, no further enrichment or sorting methods are required, rendering the described protocol for hepatic stellate cell isolation a convenient and fast procedure.
Concerning the entity of hepatic stellate cells, it is important to keep in mind that in vitro cultured cells become activated and differentiate into myofibroblasts that are fundamentally different from quiescent stellate cells. During this metamorphosis, hepatic stellate cells loose expression of GFAP and upregulate αSMA, which can be readily detected on day 7 of in vitro culture. Notably, activation of stellate cells in vitro strongly resembles their activation pattern in vivo 6 . This is reflected by their involvement in liver fibrosis, e.g., albeit other collagen-producing myofibroblast populations contribute to disease development 7 . To conclude, hepatic stellate cells obtained by the described protocol provide a model for quiescent stellate cells as well as for activated liver myofibroblasts depending on their differentiation stage. 
GBSS-B Buffer

CaCl2 x 2H2O 225mg
Glucose 991mg
KCl 370mg KH2PO4 30mg
MgCl2 x 6 H2O 210mg MgSO4 x 7 H2O 70mg Na2HPO4 x 2 H2O 75mg NaCl 8g
NaHCO3 227mg
Phenol Red 6mg dH2O fill up to 1l
Pronase E Perfusion Solution
Pronase E 100mg (4000 PU/mg min)
SC2 Buffer 200ml
Collagenase P Perfusion Solution
Collagenase P 85mg (1.78 U/mg lyo)
Pronase E-Collagenase P Solution
Pronase E 50mg (4000 PU/mg min)
SC2 Buffer 50ml
DNase I Solution
DNase I 6mg (ca. 2000U/mg)
GBSS-B 3ml
Nycodenz Solution
Nycodenz 8g
GBSS-A 28ml
